Background
The immunosuppressive regimens that could be used for organ transplantation include induction, maintenance, or rescue therapies. Induction immunosuppression is used at the time of transplantation based on the observation that more intense immunosuppression is required to prevent early acute rejection [1, 2] . Approximately 20% of all adult heart transplant patients in the USA, 30% of patients in Europe [3] , and approximately half of all pediatric recipients [4] receive rabbit anti-thymocyte globulin (rATG) induction, but its use varies widely between countries and centers. Although rATG has been licensed for 30 years, there is still a lack of well-conducted trials examining its efficacy and safety as an induction immunosuppression in heart transplantation. Most of the available studies have been carried out in kidney transplant populations. The recent International Society of Heart and Lung Transplant (ISHLT) guidelines included proposals for the use of rATG but highlighted that these were based largely on expert consensus [5] . To the best of our knowledge, no randomized trial has compared rATG induction versus controls. Three randomized trials had assessed interleukin-2 (IL-2) receptor antagonist induction versus no induction and showed no survival benefit [6] [7] [8] . Two randomized trials have compared the use of rATG versus IL-2 receptor antagonist as induction agents in heart transplantations, their results demonstrated a controversial rate of biopsy-proven acute rejection and no longterm survival data were provided [9, 10] . Meanwhile, 3 retrospective studies have observed a lower incidence or severity of acute rejection using rATG versus IL-2 receptor antagonist induction [11] [12] [13] . These studies had limitations of using fewer than 50 patients and had short-term follow-up periods with no long-term survival data.
Therefore, the long-term survival benefit of rATG induction compared to no induction has not been established due to lack of data and prospective clinical trials. We conducted a retrospective data analysis including 5 year and 10 years follow-up data from 268 consecutive patients who received heart transplants at Tampa General Hospital (TGH). The primary objective of the study was to determine the role of rATG as an induction agent in preventing rejection and improving overall survival. We hypothesized that the induction therapy with rATG will improve overall survival in heart transplant patients.
Material and Methods
Electronic medical records (EMR) were reviewed after an approval from the Tampa General Hospital (TGH) Institutional Review Board was granted for the study. All adult patients 18 years and older, who received a heart transplant at TGH between January 2005 and December 2009 were included.
Immunosuppression
All patients received 500 mg intra-operative then 125 mg every 8 hours for 3 doses of Solu-Medrol, mycophenolate mofetil (MMF), and tacrolimus (TAC). The heart transplant immunosuppressive standard protocol at TGH is a steroid-free maintenance protocol. We defined rATG induction as a patient who received at least 3.0 mg/kg of rATG during the first 72 hours of transplantation. The indication for rATG induction at TGH is the presence of hemodynamic instability associated with acute kidney injury to delay the calcineurin inhibitors initiation and in patients with expected positive cross match.
Outcome measures
The primary outcome of our study was to measure patient's overall survival. The secondary outcomes were to assess the incidence of rejection, de novo donor specific antibody (DSA) formation after transplantation, rejection grade based on pathology score of first diagnosed rejection reported, tacrolimus levels at the time of first rejection, and the timing of the first rejection episode post-transplantation in rATG induction compared to no rATG induction groups.
Data collection
Data extractions included the date of the heart transplantation, immunosuppressive therapy used at the time of transplantation, date of death, and formation of de novo DSA, date of diagnosed rejection, and tacrolimus level at the time of first biopsy proven rejection.
Statistical analysis
The log-rank test was used to compare the overall survival between rATG induction and no rATG induction groups. Due to the violation of the proportional hazards assumption, the survival differences between groups at 5 years and 10 years were ascertained using restricted mean survival time [14] . Normality of variables was ascertained using the Shapiro-Wilk test. The comparisons were made either using the t-test or Wilcoxon rank sum test for continuous data and chi square or Fisher Exact test for binary data. The results were expressed either as mean ± standard deviation for normally distributed data, median (range) or frequency (percent). P values <0.05 were considered statistically significant. We also assessed the development of de novo DSA after transplantation among the patients (induced with rATG vs. no induction) who were diagnosed with rejection on biopsy findings. All analyses were conducted using STATA 13.1 software.
Results

Survival
One hundred fourteen patients (92%) in the no rATG induction group and 113 patients (79%) in the rATG group were alive after 5 years. At 10 years, 7% were alive for both groups (9 patients in the no rATG, and 10 in the rATG groups). The overall survival was not significantly different between the 2 groups ( Figure 1 ) (P=0.12). However, there was a significant difference in restricted mean survival time (RMST) at 5 years (RMST=4.8 months; 95% CI: 1.0-8.6, P=0.01) and 10 years (RMST=10.4 months; 95% CI: 1.6-19.3, P=0.02) in favor of the no rATG group.
De novo DSA
Among the rATG and the no rATG induction groups, 71 patients (49%) and 45 patients (36%) developed DSA, respectively., There was no difference between patients who developed DSA between groups (P=0.10). These findings might suggest that rATG doesn't protect against DSA associated rejection (Table 1) .
Rejection data
When analyzing the data of the first diagnosed rejection, there was no statistical difference in the median number of rejections between non-induced and induced patients (2 vs. 1, respectively, P=0.90). Induction with rATG significantly delayed the incidence of rejection (55 vs. 36 days, respectively, P<0.001). The goal of therapeutic trough level of tacrolimus (TAC) according to the TGH Heart Transplant Program is 8-12 ng/dL. There was no significant difference in TAC levels associated with the first rejection between no rATG versus rATG induction groups (9.4 vs. 9.35, respectively, P=0.483). When analyzing the data of the first diagnosed rejection date; on average, the first rejection episode occurred after 36 days in the no rATG induction compared with an average of 55 days in rATG induction patients. There were statistically significant delays in first diagnosed rejection post-transplantation when rATG was used for induction (P<0.001). The average of TAC levels at the time of first rejection was 9.4 ng/dL and 9.35 ng/dL in the no rATG and the rATG induction groups respectively. The difference was not statistically significant; although these levels indicated adequate adherence to immunosuppression medications. Also, 
Discussion
Induction therapy refers to the use of more intense immunosuppression in the initial days after transplantation. The rationale of induction therapy is to provide more intensive immunosuppression at the time when the alloimmune response is most intense [2] . Multiple studies have demonstrated that induction therapy with rATG is an effective means of achieving low rates of acute rejection in most allograft settings in the first and third months post-transplantation [11] . The same conclusion was proven in lung transplantation; where rATG induction reduced the incidence and frequency of early acute rejection compared with no induction therapy [15] . Induction therapy permits the delayed initiation of calcineurin inhibitors (CNIs) for maintenance immunosuppression in patients with significant renal failure [16] . There is good evidence that rATG induction with reduced exposure to CNI and steroids will provide similar efficacy to a conventional CNI regimen [16, 17] . Another known benefit is that the induction with rATG lowers the incidence of angiographic cardiac allograft vasculopathy [18, 19] .
Although in our study there was no difference in the average number of rejections between the 2 groups, there was a statistically significant delay in first diagnosed rejection from 36 days to 55 days post-transplantation when rATG was used for induction (P<0.001). Another interesting finding of our study was that there was no difference in TAC levels during the first rejection between the 2 groups.
Awareness of the prognostic importance of DSAs is influencing initial immunosuppressive protocols according to patients' pre-transplantation DSA status. Recipients with pre-transplantation DSA are far more likely to experience antibody-mediated or cellular rejection and graft failure despite desensitization measures, which is hard to apply to heart transplantation as the pool of organs is smaller, heart grafts are less well-matched than other organs, transplantation is more urgent, and graft storage times are shorter, and it is often not possible to await the results of cross-match testing [16, [20] [21] [22] [23] .
In our study, there was no difference in de novo DSA formation between the groups. These findings suggest that rATG doesn't protect against de novo DSA associated rejection. There is little evidence looking at the effects of rATG on de novo DSA production and risk of antibody-mediated rejection (AMR) in heart transplantation. Prospective studies are required to assess DSA recurrence after desensitization, rates of AMR in pre-sensitized or otherwise high-risk individuals, and the development of de novo DSA. More generally, the challenge remains to identify accurate criteria to define "high risk" for de novo DSA or for AMR other than pre-transplantation DSA [16] .
The impact of induction immunosuppression on long-term survival in heart transplant recipients is unclear; however, the trials performed to date have either shown that specialized induction agents have modest benefits over regimens with non-specialized induction or have been associated with increased morbidity [24] . Higgins et al. evaluated a multi-institutional database and found that the survival benefit for induction agents was seen when the individual risk of 1-year mortality was >5% [25] . Additionally, these investigators reported a low risk cohort (risk of death <2%) that did not have a survival benefit. Patients with ventricular assisted device support, African American ethnicity, and increased HLA mismatching were at higher risk of death and benefited from induction therapy.
In our study, we confirmed their findings that induction with rATG adds no survival benefit in heart transplant recipients. However, patients who did not receive rATG induction therapy had higher life expectancy at 5 years and 10 years post-transplantation, this has not been shown previously.
The present study has several limitations. It was a retrospective cohort study and the number of patients included in both groups was limited. Patients were not randomized to receive induction therapy; therefore, differences in the baseline clinical characteristics of our population may partially explain our results. Significant limitation appears when comorbidities data peri-transplantation were not collected since the intention of the study was to address the long-term survival related to induction. We believe that a randomized trial to address the peri-transplantation comorbidities in relation to long-term survival is needed. A trial should also address all potential infectious and malignant complications associated with heart transplantation.
Conclusions
The proper use of induction immunosuppression is still being determined. Modern immunosuppressive regimens should be individualized. Our study suggests that induction with rATG adds no survival benefit in heart transplant recipients. Furthermore, patients who did not receive rATG induction therapy had longer life expectancy at 5 years and 10 years post-transplantation. Although, there was a significant delay in the first rejection episode in favor of rATG induction group, DSAs were not significantly different between the 2 groups. This study indicates a need for separate analysis of peri-transplantation comorbidities, such as the incidence of acute kidney injury, which could affect long-term survival.
